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(57) ABSTRACT

The present invention provides a lithium-air hybrid battery
and a method for manufacturing the same, which has a struc-
ture in which a liquid electrolyte electrode and a solid elec-
trolyte electrode are stacked on both sides of an ion conduc-
tive glass ceramic. That is, disclosed is a lithium-air hybrid
battery and a method for manufacturing the same, which has
a structure in which a lithium metal negative electrode
includes a liquid electrolyte and a porous air positive elec-
trode comprising a carbon, a catalyst, a binder and a solid
electrolyte are separately stacked on both sides of an imper-
meable ion conductive glass ceramic, and the liquid electro-
lyte is present only in the lithium metal negative electrode.
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1
LI-AIR HYBRID BATTERY AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the ben-
efit of Korean Patent Application No. 10-2011-0067313 filed
Jul. 7, 2011, the entire contents of which are incorporated
herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to a lithium-air hybrid bat-
tery. More particularly, it relates to a lithium-air hybrid bat-
tery and a method for manufacturing the same, which has a
structure in which a liquid electrolyte electrode and a solid
electrolyte electrode are stacked on both sides of an ion con-
ductive glass ceramic.

(b) Background Art

While lithium-ion batteries for hybrid and electric vehicles
developed so far satisfy plug-in hybrid electric vehicles
(PHEVs) used for short-distance travel, a new energy storage
system capable of storing much more energy is required for
electric vehicles used for long-distance travel. Among the
energy storage systems known so far, a lithium-air battery has
a high theoretical capacity. According to the lithium-air bat-
tery, during discharge, lithium cations migrate from a lithium
metal to a positive electrode through an electrolyte and react
with oxygen supplied from the air to produce lithium oxide
(such as Li,0 or Li,O,). At this time, electrons migrate from
a negative electrode to the positive electrode through an elec-
trical circuit.

As shown in FIG. 8, a conventional lithium-air battery
typically includes a lithium metal negative electrode 1, an air
positive electrode 2, and a separator 3 disposed between the
lithium metal negative electrode 1 and the air positive elec-
trode 2, and a liquid electrolyte 4 is included in the lithium
metal negative electrode 1 and the air positive electrode 2,
respectively.

During discharge of the conventional lithium-air battery,
lithium ions (Li*) are deintercalated from the lithium metal
negative electrode 1, dissolved in the liquid electrolyte 4, and
passed through the separator 3, and then moved to the surface
of the air positive electrode 2. On the surface of the air
positive electrode 2, the lithium ions react with oxygen sup-
plied from the air to produce lithium oxide and, at this time,
charges move from the lithium metal negative electrode 1 to
the air positive electrode 2. The separator 3 employed in the
conventional lithium-air battery is made of glass fiber or
PE-PP material, and both the lithium metal negative electrode
1 and the air positive electrode 2 include the liquid electrolyte
4. As the liquid electrolyte 4, a carbonate solvent having high
ion conductivity and low volatility is typically used.

However, the electrolyte of the conventional lithium-air
battery contains a volatile solvent, and thus a membrane and
a gas diffusion layer (GDL) for preventing volatilization of
the electrolyte are provided on the air positive electrode 2 in
a position open to the outside. However, the present mem-
branes and GDLs limit the dispersion of oxygen and/or do not
inherently prevent the volatilization of the electrolyte, which
is very problematic.

Moreover, during the volatilization of the electrolyte, an
electrolyte limitation occurs in a battery cell, which shortens
the lifespan of the battery, and the moisture in the air passing
through the membrane is dissolved in the electrolyte and

10

20

35

40

45

50

55

2

move to the negative electrode to cause a side reaction with
the lithium metal. Further, when a liquid electrolyte is used,
the air positive electrode should have an open structure to
allow the liquid electrolyte to be in contact with the air, and
thus the open position should be fixed (in a direction opposite
to gravity). This structure, however, makes it very difficult to
employ a stacking structure for increasing the energy density
of the battery.

Furthermore, the amount of lithium carbonate (LiCOy;) or
lithium alkyl carbonate (Li—R—CO;) produced by the
decomposition of the electrolyte is much greater than the
amount of lithium oxide produced as a discharge product of
the air positive electrode in a structure where a carbonate-
based liquid electrolyte comes into contact with oxygen,
which significantly shortens the lifespan of the lithium-air
battery. As such, research on appropriate catalysts and carbon
materials used in the air positive electrode of the lithium-air
battery is important, but the research on the electrolyte mate-
rials is also very important.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY OF THE DISCLOSURE

The present invention provides a lithium-air hybrid battery
and a method for manufacturing the same, which has a struc-
ture in which a lithium metal negative electrode includes a
liquid electrolyte and a porous air positive electrode compris-
ing a carbon, a catalyst, a binder and a solid electrolyte are
separately stacked on both sides of an impermeable ion con-
ductive glass ceramic, and the liquid electrolyte is present just
in the to lithium metal negative electrode.

In one aspect, the present invention provides a lithium-air
hybrid battery including: an ion conductive glass ceramic; a
lithium metal negative electrode comprising a liquid electro-
Iyte and bonded to one side of the ion conductive glass
ceramic; a porous solid electrolyte air positive electrode pre-
pared by mixing a carbon, a catalyst, a binder, a solid elec-
trolyte, a solvent, and a filler in a predetermined ratio and
coating and drying the mixture on the other side of the ion
conductive glass ceramic; a negative electrode current collec-
tor attached to an outer surface of the lithium metal negative
electrode; and a positive electrode current collector attached
to an outer surface of the porous solid electrolyte air positive
electrode.

In an exemplary embodiment, the porous solid electrolyte
air positive electrode coated on the ion conductive glass
ceramic may be stacked in both directions with respect to the
lithium metal negative electrode comprising the liquid elec-
trolyte.

In one aspect, the present invention provides a method for
manufacturing a lithium-air hybrid battery, the method com-
prising: injecting a liquid electrolyte prepared by mixing a
lithium salt and a solvent into the top of a lithium metal
negative electrode including a negative electrode current col-
lector attached to the bottom thereof; preparing a porous solid
electrolyte air positive electrode on an ion conductive glass
ceramic by coating; fixing the ion conductive glass ceramic
coated with the porous solid electrolyte air positive electrode
onto to the liquid electrolyte; and attaching a porous positive
electrode current collector having an air path to the top of the
porous solid electrolyte air positive electrode.

In an exemplary embodiment, the preparing the porous
solid electrolyte air positive electrode may comprise: prepar-
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ing a slurry by mixing a carbon, a catalyst, a binder, a solid
electrolyte, a solvent, and a filler in a predetermined ratio;
coating the prepared slurry on an ion conductive glass
ceramic and drying the coated slurry; allowing the solvent to
volatilize during the drying such that pores are formed in
places where the solvent volatilizes; and immersing the slurry
coated and dried on the ion conductive glass ceramic in a
solvent, in which the filler is to be dissolved, to extract the
filler such that pores are formed in places where the filler is
extracted.

In another exemplary embodiment, the binder may be any
one selected from the group consisting of PEO, PVdF and
PVdF-HFP.

In still another exemplary embodiment, the solid electro-
lyte may be a material having lithium ion conductivity such as
a ceramic solid electrolyte or a polymer solid electrolyte.

In yet another exemplary embodiment, the solvent may be
acetone capable of volatilizing.

In still yet another exemplary embodiment, the filler may
be dibutyl phthalate (DBP).

In a further exemplary embodiment, the slurry may be
prepared by mixing the carbon, the catalyst, and a mixture of
binder and solid electrolyte in a ratio of 40%:20%:40%, in
which the binder and the solid electrolyte are mixed in a ratio
ot 50%:50%, by adding the solvent in an amount that main-
tains the concentration of the total solid about 10%, and by
adding the filler in an amount of 10% with respect to the
carbon.

In another further exemplary embodiment, the method may
further comprise coating a slurry prepared by mixing a car-
bon, a catalyst, a binder, and a solid electrolyte on the surface
of the solid electrolyte air positive electrode again.

In still another further exemplary embodiment, the prepar-
ing the porous solid electrolyte air positive electrode may
further comprise: coating a solid electrolyte and a binder
layer on a metal foam having pores, drying the coated mate-
rials; and coating a slurry prepared by mixing a carbon, a
catalyst, a binder, and a solid electrolyte on the surface thereof
again.

Other aspects and exemplary embodiments of the inven-
tion are discussed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 is a conceptual diagram showing a lithium-air
hybrid battery system in accordance with an exemplary
embodiment of the present invention;

FIG. 2 is a process diagram showing a method for manu-
facturing a lithium-air hybrid battery system in accordance
with another exemplary embodiment of the present invention;

FIGS. 3 and 4 are schematic cross-sectional views showing
the lithium-air hybrid battery system in accordance with an
exemplary embodiment of the present invention manufac-
tured by the method of FIG. 2;

FIG. 5 is a schematic cross-sectional view showing an ideal
structure of a lithium-air hybrid battery system in accordance
with an exemplary embodiment of the present invention;

FIG. 6 is a schematic diagram showing a lithium-air hybrid
battery system in accordance with still another exemplary
embodiment of the present invention; and
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FIG. 7 is a schematic diagram showing a lithium-air hybrid
battery system in accordance with yet another exemplary
embodiment of the present invention.

FIG. 8 shows a conventional lithium-air battery in the
related arts.

Reference numerals set forth in the Drawings includes
reference to the following elements as further discussed
below:

10: lithium metal negative electrode

12: liquid electrolyte

14: negative electrode current collector

20: porous solid electrolyte air positive electrode

22: solid electrolyte

24: positive electrode current collector

26, 28: pores

30: ion conductive glass ceramic

32: metal foam

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various exemplary features illustrative of the
basic principles of the invention. The specific design features
of the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Hereinafter reference will now be made in detail to various
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings and described
below. While the invention will be described in conjunction
with exemplary embodiments, it will be understood that
present description is not intended to limit the invention to
those exemplary embodiments. On the contrary, the invention
is intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents and other
embodiments, which may be included within the spirit and
scope of the invention as defined by the appended claims.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.,
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

As shown in FIGS. 1to 5, an exemplary embodiment of the
present invention provides a lithium-air hybrid battery sys-
tem, which has a structure in which a lithium metal negative
electrode 10 including a liquid electrolyte 12 is stacked on
one side of an ion conductive glass ceramic 30, a porous solid
electrolyte air positive electrode 20 having a solid electrolyte
22, is stacked on the other side of the ion conductive glass
ceramic 30, and the liquid electrolyte 12 is present just in the
lithium metal negative electrode 10.

A method for manufacturing the lithium-air battery in
accordance with another exemplary embodiment of the
present invention injects a liquid electrolyte 12 (or a polymer
electrolyte, a gel electrolyte, etc.) prepared by mixing a
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lithium salt and a solvent into the top of a lithium metal
negative electrode 10 including a negative electrode current
collector 14 attached to the bottom thereof. A porous solid
electrolyte air positive electrode 20 is then prepared on an ion
conductive glass ceramic 30 via coating. The ion conductive
glass ceramic 30 coated with the porous solid electrolyte air
positive electrode 20 is then fixed onto the liquid electrolyte
12 such that the liquid electrolyte 12 does not leak to the
outside. Finally, a porous positive electrode current collector
24 is attached to the top of the porous solid electrolyte air
positive electrode 20.

The process for preparing the porous solid electrolyte air
positive electrode will be described in more detail below.

First, a slurry for preparing the porous solid electrolyte air
positive electrode is formed. That is, a carbon, a catalyst, a
binder, a solid electrolyte, a solvent (such as acetone), and a
filler (such as dibutyl phthalate (DBP)) are mixed in a prede-
termined ratio to prepare a slurry. Examples of usable cata-
lysts include a noble metal (such as Pt, Au, etc.), a transition
metal (such as Mn, Co, Ni, etc.), a metal oxide (MxOy
wherein M is a metal or a mixture of two or more metals), an
organic metal compound, etc.

The catalyst serves to improve the reactivity when lithium
ions supplied through the electrolyte react with oxygen sup-
plied from outside to produce lithium oxide during discharge
and also serves to improve the efficiency of the reaction in
which the produced lithium oxide is decomposed into lithium
ions and oxygen during charge. Moreover, the catalyst serves
to provide a site where the produced lithium oxide is accu-
mulated and to provide a path through which electrons
required for the reaction migrate. The binder may include
PEO, PVdF or PVAF-HFP, and the solid electrolyte may be a
ceramic solid electrolyte, a polymer solid electrolyte, or other
material having lithium ion conductivity. Moreover, the sol-
vent may include a solvent capable of volatilizing during
drying of the electrode in addition to acetone, and the filler
may include any materials that do not react with the slurry
material and can be dissolved in an extraction solvent.

Tlustratively, the carbon, the catalyst, and the mixture of
binder and solid electrolyte are mixed in a ratio of 40%:20%:
40%, the solvent is added in an amount that can maintain the
concentration of the total solid about 10%, and the filler is
added in an amount of 10% with respect to the carbon, thus
preparing the slurry.

In an exemplary embodiment, the slurry for preparing the
porous solid electrolyte air positive electrode is prepared by
mixing 4 g of carbon, 2 g of catalyst, 2 g of binder, 2 g of solid
electrolyte, 100 g of solvent (such as acetone), and 0.4 g of
filler (such as DBP). Next, the thus prepared slurry is coated
on the ion conductive glass ceramic 30 and dried such that the
solvent (such as acetone) volatilizes and the slurry is solidi-
fied. As a result, as shown in the process diagram of FIG. 2,
pores 26 are formed primarily in places where the solvent
volatilizes. Then, the slurry coated and dried on the ion con-
ductive glass ceramic 30 is immersed in a methanol solvent,
in which the filler is to be dissolved, to extract the mixed filler
(such as DBP) such that pores 28 are formed in places where
the filler is extracted, thereby preparing the porous solid elec-
trolyte air positive electrode 20 having the pores 28.

Here, the higher the number of pores, the more the contact
area with air is increased, and the lithium oxide produced by
the reaction between lithium ions and oxygen is accumulated
in the pores. In other words, in addition to the pores 26 formed
when the solvent volatilizes during the drying of the slurry, a
greater number of pores 28 can be formed in places where the
filler is extracted by treating the filler (such as DGP) added to
the slurry with methanol. The porous positive electrode cur-
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rent collector 24 having an air path is attached to the top of the
thus prepared porous solid electrolyte positive electrode 20.

In another exemplary embodiment of the present invention,
as shown in the conceptual diagram of FIG. 6, a solid elec-
trolyte air positive electrode 20 having pores 26 and 28 may
be prepared by a first process in which a first slurry prepared
by mixing a binder, a solid electrolyte, a solvent, and a filler is
coated and dried on an ion conductive glass ceramic 30 to
prepare a solid electrolyte support layer having pores and a
second process in which a second slurry prepared by mixing
acarbon, a catalyst, a binder, a solid electrolyte, a solvent, and
afiller is coated on the thus prepared solid electrolyte support
layer.

In still another exemplary embodiment of the present
invention, as shown in the conceptual diagram of FIG. 7, a
porous solid electrolyte air positive electrode may be pre-
pared by thinly coating and drying a solid electrolyte and a
binder layer on a metal foam 32 having pores, instead of
coating the slurry on an ion conductive glass ceramic 30, and
a process of coating a slurry prepared by mixing a carbon, a
catalyst, a binder, and a solid electrolyte on the surface of the
resulting solid electrolyte air positive electrode using the
metal foam 32 may be further performed.

Finally, the ion conductive glass ceramic 30 formed on the
thus prepared porous solid electrolyte air positive electrode
20 is stacked and bonded to the lithium metal negative elec-
trode 10, thus manufacturing the lithium-air hybrid battery
system of the present invention. That is, the ion conductive
glass ceramic 30 coated with the porous solid electrolyte air
positive electrode 20 is fixed to the top of the liquid electrolyte
12 injected into the top of the lithium metal negative electrode
10 such that the liquid electrolyte 12 does not leak to the
outside using a gasket and the like, thereby manufacturing a
lithium-air hybrid battery system of the present invention in
which the lithium metal negative electrode 10 and the porous
solid electrolyte air positive electrode 20 are stacked on both
sides of the ion conductive glass ceramic 30.

Meanwhile, the lithium-air hybrid battery system manu-
factured in the above manner may be stacked as shown in FIG.
4 and, since the porous solid electrolyte air positive electrode
20 coated on the ion conductive glass ceramic 30 may be
stacked in both directions with respect to the lithium metal
negative electrode 10 including the liquid electrolyte 12 such
that the liquid electrolyte 12 may not be influenced by gravity,
thereby increasing the energy density of the battery.

The discharge operation of the lithium-air hybrid battery
system of the present invention manufactured by the above
manner will now be described. The lithium ions generated
from the lithium metal negative electrode 10 migrate to the
layer of the ion conductive glass ceramic 30 through the
liquid electrolyte 12 and move to the porous solid electrolyte
air positive electrode 20 by the migration of ionic point
defects in the ion conductive glass ceramic 30. Then, the
lithium ions migrating across the ion conductive glass
ceramic 30 move along the solid electrolyte 22 of the porous
solid electrolyte air positive electrode 20 and react with oxy-
gen supplied from the air to produce lithium oxide by the
catalysis on the carbon surface. At this time, charges move
from the negative electrode current collector of the lithium
metal negative electrode to the positive electrode current col-
lector of the porous solid electrolyte air positive electrode.

As described above, the present invention provides the
following effects.

Since the lithium metal negative electrode comprising the
liquid electrolyte and the porous air positive electrode com-
prising a carbon, a catalyst, a binder and a solid electrolyte are
separately stacked on both sides of the impermeable ion con-
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ductive glass ceramic, it is possible to minimize the amount of
liquid electrolyte used and prevent the volatilization of the
liquid electrolyte, thereby increasing the lifespan of the bat-
tery. In particular, with the use of the ion conductive glass
ceramic, it is possible to prevent a side reaction between
moisture and lithium metal even when the moisture is intro-
duced from the outside.

Moreover, since the air positive electrode open to the out-
side does not use the liquid electrode but instead uses the solid
electrolyte, it is possible to increase the degree of freedom in
the stacking direction of the respective elements of the bat-
tery. Further, since the air positive electrode is stacked in both
directions with respect to the lithium metal negative elec-
trode, it is possible to increase the energy density of the
battery. In addition, due to the non-use of liquid electrolyte in
the air positive electrode, the entire area may serve as a
reaction site for reaction with air.

The invention has been described in detail with reference to
exemplary embodiments thereof. However, it will be appre-
ciated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
appended claims and their equivalents.

What is claimed is:
1. A method for manufacturing a lithium-air hybrid battery,
the method comprising:

injecting a liquid electrolyte prepared by mixing a lithium
salt and a solvent onto the top of a lithium metal negative
electrode including a negative electrode current collec-
tor attached to the bottom thereof;

preparing a porous solid electrolyte air positive electrode
on an impermeable ion conductive glass ceramic by
coating, the porous air positive electrode including a
carbon, a catalyst, a binder and a solid electrolyte, the
porous solid electrolyte air positive electrode including
pores that contact with air and serve as reaction sites
with the air;

fixing the impermeable ion conductive glass ceramic
coated with the porous solid electrolyte air positive elec-
trode onto the liquid electrolyte so that the liquid elec-
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trolyte is present just on the lithium metal negative elec-
trode without being present in the porous air positive
electrode; and

attaching a porous positive electrode current collector hav-

ing an air path to the top of the porous solid electrolyte
air positive electrode;

wherein the preparing the porous solid electrolyte air posi-

tive electrode comprises:
preparing a slurry by mixing the carbon, the catalyst, and a
mixture of binder and solid electrolyte in a ratio of
40%:20%:40%, in which the binder and the solid elec-
trolyte are mixed in a ratio of 50%:50%, by adding the
solvent in an amount that maintains the concentration of
the total solid about 10%, and by adding a filler in an
amount of 10% with respect to the carbon;
coating the prepared slurry on the impermeable ion con-
ductive glass ceramic and drying the coated slurry;

allowing the solvent to volatilize during the drying such
that the pores are formed in places where the solvent
volatilizes;

and immersing the slurry coated and dried on the imper-

meable ion conductive glass ceramic in a solvent, in
which the filler is to be dissolved, to extract the filler
such that pores are formed in places where the filler is
extracted.

2. The method of claim 1, wherein the binder is any one
selected from the group consisting of PEO, PVdF and PVdF-
HFP.

3. The method of claim 1, wherein the solid electrolyte is a
material having lithium ion conductivity such as a ceramic
solid electrolyte or a polymer solid electrolyte.

4. The method of claim 1, wherein the solvent is acetone
capable of volatilizing.

5. The method of claim 1, wherein the filler is dibutyl
phthalate (DBP).

6. The method of claim 1, further comprising coating the
slurry prepared by mixing the carbon, the catalyst, the binder,
and the solid electrolyte on the outer surface of the solid
electrolyte air positive electrode again.

#* #* #* #* #*



